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GATE-BODY CROSS-LINK CIRCUITRY FOR 
METAL-OX IDE -SEMI CONDUCTOR TRANSISTOR CIRCUITS 



Background of the Invention 

This invention relates to integrated circuits, 
and more particularly, to ways in which to improve the 
performance of metal -oxide- semiconductor transistor 
5 circuits on integrated circuits by cross-linking the 
gates and bodies of certain transistors. 

Integrated circuits based on metal-oxide- 
semiconductor (MOS) transistor technology are widely 
used in modern electronic systems. As device dimensions 
10 shrink due to improvements in process technology, 
silicon-on-insulator (SOI) substrates are being 
considered for future generations of MOS integrated 
circuits . 

MOS transistors such as the MOS transistors 
15 found on SOI substrates have four terminals: a source, 
a drain, a gate, and a body (sometimes also called the 
substrate) . If the body terminal of an MOS transistor 
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is allowed to float, the signals on the other terminals 
of the transistor will affect the body. 

The voltage on the body, in turn, affects the 
electrical properties of the transistor. A low body 
5 voltage serves to increase the threshold voltage of the 
transistor and a high body voltage serves to decrease 
the threshold voltage. If the body voltage is low, the 
transistor will be harder to turn on and will therefore 
switch more slowly. If the body voltage is high, the 

10 transistor will switch more rapidly. 

Because the voltages on the gate, source, and 
drain terminals of a transistor influence the body 
voltage and therefore the threshold voltage and 
switching speed of the transistor, transistors with 

15 floating bodies tend to experience hysteresis. 

Different types of pulses and different patterns of 
pulses will propagate through a circuit made from MOS 
transistors with floating bodies differently. The 
dependence of the electrical behavior of a MOS 

20 transistor with a floating body on its environment can 
be difficult to model and can make device performance 
unpredictable . 

The performance of an MOS transistor can be 
made more predictable by electrically connecting the 

25 body to a source of known potential (i.e., to ground). 
Such "tied-body" configurations offer predictable 
performance, because the body is maintained at a known 
constant voltage, regardless of the signals applied to 
the gate, source, and drain terminals. 



However, tied-body configurations in which the 
body is grounded tend to have high threshold voltages. 
The body contact diffusions and contact pads used for 
tied-body transistors also tend to consume a fair amount 
5 of real estate and may add undesirable complexity to the 
fabrication process. 

It is an object of the present invention to 
provide improved MOS transistor arrangements that 
overcome some of the problems associated with floating 
10 body and tied-body structures. 

Summary of the Invention 

In accordance with the present invention 
metal-oxide-semiconductor transistor circuits are 

15 provided that use Schottky diodes to cross-link the 
gates and bodies of pairs of transistors. 

A cross-linked circuit may have first and 
second metal-oxide-semiconductor transistors. Each 
transistor may have two source-drain terminals, a gate 

20 terminal, and a body (or substrate) terminal. The 

cross-linked circuit may have at least two inputs and an 
output. A source-drain terminal from each of the metal- 
oxide-semiconductor transistors may serve as an input. 
The other source-drain terminal of each resistor may be 

25 connected to the output. 

The gate of the first transistor may be 
controlled by a control signal. Circuitry is used to 
invert the control signal to produce a complementary 
version of the control signal. While the control signal 



is applied to the gate of the first transistor, its 
complement is applied to the gate of the second 
transistor. With this arrangement, the second 
transistor is turned on when the first transistor is 
5 turned off and the second transistor is turned off when 
the first transistor is turned on. 

The gates and bodies of the first and second 
transistors may be cross-linked using first and second 
Schottky diodes. Each diode may have an anode and a 

10 cathode. The anode of the first Schottky diode may be 
formed from the body of the first transistor and the 
cathode of the first Schottky diode may be connected to 
the gate of the second transistor. The anode of the 
second Schottky diode may be formed from the body of the 

15 second transistor and the cathode of the second Schottky 
diode may be connected to the gate of the first 
transistor . 

During operation of the device, various 
signals are applied to the circuit. These signals 

20 change the voltages of the bodies of the transistors in 
the cross-linked circuit. Due to the presence of the 
Schottky diodes, the maximum voltage swing of each body 
tends to be less than would be exhibited in conventional 
floating-body transistor circuits. Moreover, the 

25 switching speed of the cross-linked circuit tends to be 
faster than conventional body-tied transistor circuits 
and consumes less real estate on the integrated circuit. 

The gate-body cross-linked transistor circuits 
may be used in any suitable application such as in a 



two-input multiplexer or a two-input pass gate. Larger 
circuits (e.g., N-input multiplexers or N-input pass 
gates where N is four or more) may be provided by 
combining multiple pairs of cross-linked transistors. 
5 Further features of the invention, its nature 

and various advantages will be more apparent from the 
accompanying drawings and the following detailed 
description of the preferred embodiments. 

10 Brief Description of the Drawings 

FIG. 1 is a diagram of an illustrative metal-- 
oxide-semiconductor (MOS) circuit with a gate-body 
• cross-link structure in accordance with the present 
invention . 

15, FIG. 2 is a diagram of an illustrative 

multiplexer-type circuit that can be constructed using 
cross-linked MOS transistors of the type shown in FIG. 
1 . 

FIG. 3 is a cross-sectional side view of a 
20 portion of a MOS transistor and Schottky diode on a 

silicon-on-insulator circuit showing how the Schottky 

diode may be formed by placing a metal cathode layer in 

contact with a silicon body anode in accordance with the 

present invention . 
25 FIGS. 4a, 4b, and 4c are timing diagrams 

showing how there is a gate delay associated with 

switching MOS-based transistor circuits. 

FIG. 5 is a diagram of a conventional two- 

transistor body-tied MOS transistor circuit. 



FIGS. 6a, 6b, 6c, and 6d are diagrams of a 
conventional two-transistor floating-body MOS transistor 
circuit under various loading conditions. 

FIGS, 7a, 7b, 7c, and 7d are diagrams of a 
5 two-transistor circuit having pair of gate-body cross- 
linked MOS transistors in accordance with the present 
invention . 



Detailed Description of the Preferred Embodiments 

10 The present invention relates to metal-oxide- 

semiconductor (MOS) transistor integrated circuits. The 
present invention also relates to arrangements for 
cross-linking body and gate terminals in pairs of MOS 
transistors to overcome some of the problems associated 

15 with conventional floating-body and body-tied MOS 
transistors . 

A circuit 10 in accordance with the present 
invention is shown in FIG. 1. Circuit 10 is based on a 
pair of cross-linked MOS transistors 12 (i.e., 

20 transistor TNI and transistor TN2). Transistors TNI 
and TN2 are cross-linked by Schottky diodes 14 and 16. 
Diode 14 connects the body terminal SUB of transistor 
TNI to the gate G of transistor TN2 . Diode 16 forms an 
electrical connection ' between the gate G of TNI and the 

25 body SUB of TN2 . By cross-linking the gates and bodies 
of the transistors 12, the effects of hysteresis that 
are experienced in floating-body transistors 
arrangements can be reduced, while maintaining 
satisfactory switching speeds. Moreover, it is not 



necessary to reduce performance and/or increase real 
estate consumption by using a body-tied arrangement. 

Pairs of MOS transistors 12 with cross-linked 
bodies and gates of the type shown in FIG. 1 may be used 
5 in a variety of circuits, such as multiplexers, circuits 
based on pass-transistors arrangements, etc. In the 
illustrative example of FIG. 1, MOS transistors are used 
to form a two-input multiplexer. The inputs 18 to the 
multiplexer are labeled INI and IN2 . 

10 A control signal C may be provided to control 

terminal 20. An uninverted version of this signal C may 
be applied to gate G of transistor TNI by line 21. 
Inverter 22 or other suitable circuitry may be used to 
invert signal C to provide its complement (NOT C) . The 

15 inverted version of C is applied to gate G of transistor 
TN2 via line 24. The drain terminal outputs of 
transistors TNI and TN2 are connected to output 26, 
which is connected to circuit output 30 and pull-up 
circuit 28. 

20 With a complementary drive signal arrangement 

of the type shown in FIG. 1, only one of transistors 12 
can be turned on at a time. If transistor TNI is turned 
on, for example, transistor TN2 will be turned off. If 
transistor TN2 is turned on, transistor TNI will be off. 

25 A circuit schematic showing how a two-input 

multiplexer-type circuit may be formed from a cross- 
linked transistor circuit such as circuit 10 is shown in 
FIG. 2. 

The transistors of the example of FIG. 1 are 

7 



n-channel devices. This is merely illustrative. P- 
channel devices can also be cross-coupled using Schottky 
diodes if desired. Moreover, the transistors 12 of FIG. 
1 have their source terminals S connected to inputs INI 
5 and IN2 and their drain terminals D connected to output 
line 26. Because of the inherent symmetry of MOS 
devices, it is generally not critical whether the 
sources S or drains D are used as inputs (or outputs) . 
Source terminals and drain terminals may therefore be 

10 referred to generically as "source-drain" terminals and 
the labels "S" and "D" on transistors 12 can be reversed 
in the FIGS, if desired. 

Circuits such as circuit 10 are generally 
fabricated as part of a much more complex integrated 

15 circuit. A number of power supply voltages may be used 
to operate the integrated circuit. For example, a 
positive power supply voltage Vcc of about 1 volt and a 
ground power supply voltage Vss of about 0 volts may be 
used to operate the integrated circuit. These voltages 

20 levels are merely illustrative. Any suitable power 

supply voltage levels may be used to power circuits such 
as circuit 10 if desired. 

Circuit 10 may receive digital logic signals 
at inputs INI and IN2 and at control terminal 20. The 

25 digital logic signals may vary between a logic high 

level of about Vcc (i.e., about 1 volt) and a logic low 
level of about Vss (i.e., about 0 volts). There is a 
threshold voltage Vt associated with each of transistors 
12, so the maximum signal voltage that is presented to 



the output line 2 6 is about Vcc-Vt. To ensure proper 
interoperability of circuit 10 with other digital logic 
on the integrated circuit, it is generally desirable to 
pull this voltage level back up to Vcc, using a weak 

.5 pull-up circuit such as pull-up circuit 28. When pull- 
up circuit 28 is used, signals that would otherwise have 
a voltage swing of Vss to Vcc-Vt at the outputs of 
transistors 12 are converted into acceptable digital 
logic signals with a voltage swing of Vss to Vcc at 

10 output terminal 30. In the other FIGS., the pull-up 

circuit 28 is not shown to avoid over-complicating the 
drawings. However, such a pull-up circuit (or other 
suitable circuitry) may be used if desired. 

Cross-linking between the body and gate 

15 terminals of transistors 12 may be accomplished using 

opposing Schottky diodes 14 and 16. Schottky diodes 14 
and 16 may be formed by depositing tungsten, copper, or 
other suitable metals or combinations of metals on the 
silicon of the bodies of transistors TNI and TN2 . The 

20 silicon bodies of the transistors form the anodes of the 
Schottky diodes and the metal layers that are deposited 
on the silicon body regions form the cathodes of the 
Schottky diodes. This type of arrangement is shown in 
FIG. 3. 

25 The cross-sectional diagram of FIG. 3 shows 

how the Schottky diodes 14 and 16 for circuit 10 may be 
formed on silicon-on-insulator (SOI) substrate 32. SOI 
substrates may be desirable for forming circuits such as 
circuit 10, because SOI transistor structures are 



generally capable of fast switching speeds. In an SOI 
transistor, the underlying silicon substrate wafer 34 is 
separated from a thin top layer of silicon 36 by a 
buried oxide layer 38. 
5 The source and drains of transistors 12 may be 

formed by implanting dopant in layer 36 in high 
concentrations. The gate of each transistor 12 may be 
formed by fabricating a thin insulating layer such as a 
thin silicon oxide layer over an underlying channel 

10 region in layer 36 between a laterally-spaced source and 
drain. The body of each transistor is the portion of 
silicon layer 36 in the vicinity of the gate, source, 
and drain (i.e., the portion of layer 36 under the 
channel region and between the source and drain) . The 

15 Schottky diodes 14 and 16 may be formed by forming a 

pattered metal layer 40 that directly contacts each body 
region 36, as shown in FIG. 3. 

On the "body" end of each diode, a metal layer 
40 contacts silicon layer 36 to form a Schottky diode. 

20 The metal layer 40 is the diode's cathode terminal. The 
silicon layer 36, which is part of the body region of 
the transistor, forms the diode's anode terminal. On 
the "gate" end of each diode, metal 40 can either be 
used as the gate conductor itself or may make an ohmic 

25 contact to a suitable gate conductor (e.g., doped 

polysilicon, silicide, etc.). The diodes 14 and 16 are 
cross-coupled, so that the body end of diode 14 is 
formed with the body SUB of transistor TNI, while the 
gate end of diode 14 is formed with the gate G of 
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transistor TN2 . Similarly, the body end of diode 16 is 
connected to the body SUB of transistor TN2, whereas the 
gate end of diode 16 is electrically connected to the 
gate G of transistor TNI. With this configuration, the 
5 anode of diode 14 is formed from the body of TNI and the 
cathode of diode 14 is connected to the gate of TN2 . 
The anode of diode 16 is formed from the body of TN2 and 
the cathode of diode 16 is connected to gate 12. 

There is a gate delay associated with 

10 propagating signals through MOS transistor circuits. 

Consider, as an example, two MOS transistors whose gates 
are driven by complementary control signals C and NOT C, 
whose source terminals serve as parallel inputs, and 
whose drains are tied together in the same way as 

15 circuit 10 of FIG. 1. The two parallel MOS transistors 
may, as an example, be receiving a low input at one of 
their source terminal inputs and a high input signal at 
another source terminal input. The behavior of this 
type of circuit arrangement when the control signal C 

20 changes from high to low is shown in the timing diagrams 
of FIGS. 4a, 4b, and 4c. 

As shown in FIGS. 4a and 4b, the control 
signal and its complement switch at time to- However, 
as shown in FIG. 4c, the output signal OUT does not 

25 switch immediately at t 0 . Rather, there is a non-zero 
gate delay t d associated with switching the output, so 
OUT switches at a later time ti. The magnitude of the 
gate delay t d is governed by the behavior of the MOS 
transistor that was off just prior to the change in the 
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state of the control signal C. If this transistor 
switches quickly, t d will be small. If this transistor 
switches slowly, t d will be large. 

A number of factors influence the gate delay 
5 td of a switching circuit. For example, the geometry of 
the transistors, the critical feature size of the 
transistors (i.e., gate length), the type of 
semiconductor used, whether the transistor is formed on 
bulk or SOI substrate materials, etc. These factors are 

10 static and, once a transistor of a particular design is 
fabricated, they do not change. The gate delay t d of a 
switching circuit is also affected by dynamic factors 
such as the voltage on the transistor's body. The 
voltage on a given transistor's body is determined by 

15 the signals applied to the transistor's terminals and 
the parasitics of the device (e.g., parasitic 
capacitances and leakage currents associated with 
junctions in the device, etc.) 

In general, it is desirable to have 

20 transistors with gate delays t d that are as small as 

possible. Predictable and stable gate delays are also 
desirable, because this makes it easier to model circuit 
behavior and ensure proper operation of the circuit. 

One conventional approach for stabilizing gate 

25 delays t d is known as the "body-tied" approach. With a 
conventional body-tied approach, the body terminals SUB 
of the MOS transistors in the circuit are tied to a 
known potential (i.e., a ground voltage Vss) . A two- 
input multiplexer circuit based on this type of 
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arrangement is shown in FIG. 5. Because the SUB 
terminals are electrically connected to ground, the 
voltage on the SUB terminals does not change. This 
makes the gate delays t d associated with body-tied 
5 transistors stable and predictable. 

In an n-channel MOS transistor, the channel 
region of the transistor is formed in an p-type body 
(i.e., a p-type well). A p+ heavily-doped region is 
used to make an ohmic contact to the p-type body. The 

10 p+ contact is grounded to Vss, thereby grounding the 
body of the transistor. Because the body region is 
grounded, the voltage on the body does not change 
significantly, even under a variety of operating 
conditions. As a result, the gate delay td of a body- 

15 tied transistor will not exhibit significant variations. 
However, the body contacts (i.e., the p+ contact regions 
in an n-channel transistor) consume valuable real 
estate. MOS transistors also switch most slowly when 
the body potential is near ground, so tying the body 

20 terminals SUB to Vss results in a worst-case scenario 
for the gate delay t d . 

Real estate consumption can be reduced and 
gate delays can be lowered by omitting the body-to- 
ground contacts of FIG. 5. This approach, which is 

25 called the "floating-body" approach, uses body terminals 
that are not grounded. When MOS transistors circuits 
are formed using a conventional floating-body 
arrangement, the body region electrically "floats" 
because it is not tied to any particular potential. 
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The floating body terminals SUB of such a 
conventional floating-body MOS transistor may take on 
different voltages depending on which signals are 
applied to its gate, source, and drain terminals. A 
5 conventional floating-body transistor circuit under 

various different applied signal conditions is shown in 
FIGS. 6a, 6b, 6c, and 6d. The delay time t d of the 
circuit of FIGS. 6a, 6b, 6c, and 6d is governed by the 
switching speed of the "off" transistor (TNI in this 
10 example) . The switching speed of TNI is influenced by 
its effective threshold voltage, which is influenced by 
its body voltage. The body voltage, in turn, is 
influenced by the voltage on the gate, source, and drain 
terminals . 

15 Under conditions of the type shown in FIG. 6a, 

the gate, source, and drain of transistor TNI are at 0 
volts and the resulting body voltage Vb(TNl) of 
transistor TNI is about 0 volts. Under the conditions 
of FIGS. 6b, 6c, and 6d, drain-to-body p-n junction 

20 leakage current charges the body. Under the conditions 
of FIGS. 6b, the body voltage Vb(TNl) of transistor TNI 
is Vfb2, which lies between 0 volts and Vcc. Under the 
conditions of FIG. 6c, the body voltage Vb(TNl) of 
transistor TNI is equal to Vfb3, which also lies between 

25 0 volts and Vcc. Under the input conditions of FIG. 6d, 
the body voltage Vb(TNl) of transistor TNI is equal to 
Vfb4, which is about Vcc. 

As shown by the examples of FIGS. 6a, 6b, 6c, 
and 6d, the body voltage (and therefore the effective 
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threshold voltage) of transistor TNI varies depending on 
its environment. Under certain operating conditions 
(such as the conditions of FIG. 6a), the body voltage is 
low (0 volts), so transistor TNI switches slowly and t d 
5 is at a maximum. Under other operating conditions (such 
as the conditions of FIG. 6d) , the body voltage is high 
(Vcc) , so transistor TNI switches quickly and t d is at a 
minimum. The strong voltage-dependence of t d creates 
undesirable hysteresis effects as digital signals 

10 propagate through the circuit. 

The gate-body cross-linked circuits of the 
present invention exhibit less gate delay hysteresis 
than floating body circuits, while consuming less real 
estate and switching more rapidly than body-tied 

15 circuits. A gate-body cross-linked circuit 10 in 

accordance with the present invention under various 
different applied signal conditions is shown in FIGS. 
7a, 7b, 7c, and 7d. The pull-up circuit 28 that is 
shown in FIG. 1 is not shown in FIGS. 7a, 7b, 7c, and 7d 

20 to avoid over-complicating these drawings. 

The transistors TNI and TN2 of FIGS. 7a -7d 
may be operated in a complementary arrangement using an 
inverter circuit or other suitable circuitry of the type 
shown in FIG. 1. When control signal C is applied to 

25 the gate of transistor TNI, the complementary signal NOT 
C is applied to the gate of transistor TN2 . 
Accordingly, when TNI is on, transistor TN2 is off and 
vice versa. 

As with the conventional floating-body circuit 
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of FIGS. 6a, 6b, 6c, and 6d, the delay time t d of the 
circuit 10 of FIGS. 7a, 7b, 7c, and 7d is governed by 
the switching speed of the "off" transistor. In this 
example, the "off" transistor is transistor TNI. The 
5 switching speed of TNI is influenced by its effective 
threshold voltage, which is influenced by the body 
voltage produced by the voltages on the gate, source, 
and drain terminals. 

Under conditions of the type shown in FIG. 7a, 

10 the gate, source, and drain of transistor TNI are at 0 
volts. The gate G of transistor TN2 is at Vcc, so 
Schottky diode 14 is reversed biased. The body (SUB) of 
TNI charges through diode 14. The resulting body 
voltage Vb(TNl) of transistor TNI is VI. Due to the 

15 presence of the Schottky diode 14, the body voltage VI 
is greater than 0 volts. The threshold voltage of 
transistor TNI is therefore lower in the gate-body 
cross-linked circuit of FIG. 7a than in the conventional 
floating-gate circuit of FIG. 6a. The circuit 10 of 

20 FIG. 7a therefore switches more quickly than the circuit 
of FIG. 6a and has a shorter gate delay t d . 

Under the conditions of FIGS. 7b and 7c, the 
body of transistor TNI charges through both the reverse- 
biased Schottky diode 14 and the drain-to-body p-n 

25 junction. Schottky diode 14 is weakly reverse biased 
because the gate G of transistor TN2 is at Vcc (i.e., 
TN2 is on) . The resulting body voltages V2 and V3 are 
greater than the corresponding body voltages Vfb2 and 
Vfb3 in the conventional floating-body circuit of FIGS. 



6b and 6c. 

The body voltage V2 on TNI under the 
conditions of FIG. 7b is greater than Vfb2 (i.e., 
V2>Vfb2), so the threshold voltage of the cross-linked 
5 transistor TNI in FIG. 7b is lower than the threshold 
voltage of the conventional f loating-body transistor TNI 
in FIG. 6b. As a result, the circuit of FIG. 7b will 
have a shorter gate delay t d and will switch more 
rapidly than the circuit of FIG. 6b. 

10 Similarly, the body voltage V3 on TNI under 

the conditions of FIG. 7c is greater than Vfb3 (i.e., 
V3>Vfb3), so that the threshold voltage of the cross- 
linked transistor TNI under the conditions of FIG. 7c is 
lower than the threshold voltage of the conventional 

15 floating-body transistor TNI of FIG. 6c when presented 
with the same source, gate, and drain voltages. The 
cross-linked transistor circuit of FIG. 7c will 
therefore exhibit a faster switching speed (lower td) 
than the conventional floating-body transistor circuit 

20 of FIG. 6c. 

Under the conditions of FIG. 7d, the body 
voltage V4 on TNI is about Vfb4 (about Vcc) , so the gate 
delay td and switching speed of the cross-linked circuit 
of FIG. 7d is comparable to that of the floating-gate 

25 circuit of FIG. 6d. However, the gate-body cross-linked 
circuit arrangement has less hysteresis in t d than 
conventional floating-body circuits. This is because 
the difference between the worst-case t d and best-case 
t d is less for a gate-body cross-linked circuit than for 



a floating-body circuit. 

In the floating-body circuit of FIGS. 6a-6d, 
the worst-case t d is associated with a body voltage of 0 
volts (FIG. 6a) and the best-case t d is associated with 
5 a body voltage of Vcc (FIG. 6d) . The hysteresis for the 
floating body of FIGS. 6a-6d is therefore proportional 
to Vcc - 0 = Vcc. In contrast, in the gate-body cross- 
linked circuit 10 of FIGS. 7a-7d, the worst-case t d is 
associated with a body voltage VI of greater than 0 

10 volts (FIG. 7a), whereas the best-case t d is associated 
with a body voltage of Vcc (FIG. 7d) . The hysteresis 
for the cross-linked gate-body circuit of FIGS. la-Id is 
therefore proportional to Vcc-Vl. Because Vcc-Vl is 
less than Vcc-0, the gate delay hysteresis for the 

15 cross-linked circuit tends to be less than the gate 

delay hysteresis of conventional floating-gate circuits. 

Moreover, gate delay performance for the 
worst-case gate delay t d (i.e., the gate delay 
associated with FIG. 7a) is improved relative to the 

20 gate delay of the floating body arrangement of FIG. 6a, 
so the cross-linked circuit is generally faster than 
conventional floating-gate circuits under all 
conditions. Use of a cross-linked gate-body arrangement 
of the type shown in FIGS. 7a-7d and FIG. 1 can 

25 therefore improve both switching speed and gate delay 
hysteresis, while avoiding the real estate costs and 
slow switching speeds associated with body-tied 
approaches . 

To minimize loading effects, Schottky diodes 
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14 and 16 are preferably constructed to minimize AC 
coupling between the gates and bodies of transistors TNI 
and TN2 (e.g., by using a minimal surface area in the 
body-to-metal contact at the body end of each diode and 
5 by using small structures at the metal-to-gate-conductor 
end of each diode to reduce interaction between the 
gates and bodies) . 

A two-transistor gate-body cross-linked 
transistor circuit such as the circuit of FIG. 1 and 

10 FIGS. la-Id may be used in any suitable application such 
as in a two-input multiplexer or a two-input pass gate. 
Larger circuits (e.g., N-input multiplexers or N-input 
pass gates where N is four or more) may be provided by 
combining pairs of cross-linked circuits. 

15 The foregoing is merely illustrative of the 

principles of this invention and various modifications 
can be made by those skilled in the art without 
departing from the scope and spirit of the invention. 
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